IN THE UNI TED STATES PATENT AND TRADEMARK OFFI CE AS RECEI VI NG OFFI CE FOR
THE PATENT COOPERATI ON TREATY (PCT) "Il LE: Methods and Apparatus for Dua
St age HazsodoGostToel System I nventor(s): Brian Cashi on ( @clrhmsedaip/oddyg Dustin
C. Mran (G endale, AZ), WIliam A Eckholm (Scottsdale, AZ), and Matthew
Sanmpson (Phoeni x. AZ) BACKGROUND OF | NVENTI ON Vehi cl es used in both
ground and air operations may be subjected to multiple scenarios resulting
in the outbreak of a tire on or in the vehicle. For exanple, a mlitary
aircraft operating in a congested urban environnent may be subjected to
multiple forns of attack such as small arns fire, and-aircraft artillery,
and surface-to-air projectiles. Each of these energetic balhstc. threats
may breach vehicle conpartnents such as a fuel tank causing a fire andior
an expl osi on. aratus have been |gplenented to

reduce théNFHéPM‘B%GSJMESEA ENJS PT EfE ASSRFEFAGNG om a
breach of a cont &HHeRtF Q@Jﬁ@?ﬁéﬂ@@%ﬁ@%@%@%ﬁﬁéﬁ’@ have been used

as a nonel ectric passive systemto protect against energetic threats, in
one enbodi nent, these panels are designed to protect fuel tanks and thelr
associ ated thy Bdystfrom baMsiids g f*gi’f‘i‘%‘&\f{i‘é gl SEge Bzt GOl Ry r e

suppression capabilities at the point of ballistic inpact. These systens

are effective aﬂ”ﬁWéWéhtlng¥¥H%faﬁwaH€%@§kﬁ¥?e@“ﬁméﬂﬁ @Uﬁ?ﬁﬁghbﬁzlare much
| ess effective against | at entillgm &) lhgfronedisfaip.de’ whidRatibgy Sameetr esul t
fromthe initial ballistic Bfiwath, AZ)

BACKGROUND OF INVENTION

j0001] Vehicles used in both ground and air operations may be subjected to
muitiple scenarios resalting in the outbreak of a fire on or i the vehicke. For
example, a military abreraft operating in a congested urbap environment may be
subjected to multiple forms of attack such as small arms fire, anti-aireraft artillery,
and surface-to-air projectiles. Each of these energetic ballistic threals may breach
vehicle compartments such as a fuel tank causing a fire andfor an explosion.

100021 Various methods and apparatus have been implamented to reduce the
fikelthood of fire or other hazardous event resulting from a breach of a
coptainment system.  For example, powder panels have been used a3 a non-
electric passive system to proteet against evergetic ballistic threats.  In one
embodiment, these panels are designed to protect fuel tanks and their associated
dry bavs trom ballistically induced fire by providing fire suppression capabilities
at the point of ballistic impact.  These systemns ave effective at prevesting
mstantaneous fires from occusring but are much less effective against latent or

slow growth fires which may also result from the initial ballistic breach.



SUMVARY OF THE | NVENTI ON Met hods and apparatus for a dual stage
hazard suppression system according to various aspects of the present

i nvent i orwOnrelwmder7oa housi ng containing a first hazard ceorruskowmsand al t hat
is configured to be |ocated close to a hazard source and a contai ner

contai ning a second hazard control material |ocated at a distance fromthe
hazard source. The housing nay be configured to release the first hazard
control material in response to a breach of the housing and/or the hazard
source. The container may be configured for a tinmed rel ease of the second
hazard control material in response to the release of the first hazard
control material. Alternatively, a sensor may be used to trigger the

rel ease of the second hazard cdudMddhRIEIHEFHBINVANTEIPonse to a triggering
event separate fromthe initial breach of the housingand/ or the hazard

sour ce. [{8@05] [ 0006MBRAERDEGORIARF| ON O TIHE: DRAWNGSuppression AsysEne

conpl ete understandi ng of the present invention may be derived by referring
to the detail ed adesding pt V@buangecd @i thspradeaninconish dehdd aiknuganmeckison Wt h
the following illustrative figures. In the followng figures, |ike

ref erence nunbersfikeh@tirdt@nsdinhdatsl eheiendssicand «sbepsatiicbyghouhatihe
figures. Figure 1 representatively illustrates an exenplary

enbodi nent of a spassbivEa tbfi@nSURRLERS] ©BeBHS heftd control nkte@ll Bedded at a

representatively illustrates cross-sectional view of a breach of a hazard
source and a haz@ithe€ @Bhy @k hgdst &Mkce. VR3014i4 0 20 Y 04 ReTH WMRA0H G054 440
first hazard control material in response to a breach of the housing andior the
hazard source. The container may be configured for a timed release of the second
hazard control material in response to the release of the first hazard control
material. Alternatively, a sensor may be used 0 trigger the release of the second

hazard control material in response 1o a iggering cvent separate from the initial

breach of the housing and/or the hazard source.

BRIEF DESCRIPTION OF THE DRAWINGS

{0004] A more complete snderstanding of the present invention may be derived
by refurring to the detailed description and claims when considered in conngction
with the following ilustrative figures, In the following figures, like reference
numbers refer to similar elements and steps throughout the figures.

{0005 Figure 1 representatively iflustrates an exemplary embodiment of a passive
fire suppression syatemy;

FO006] Figure 2 representatively illustrates cross-sectional view of @ breach of a

hazard source and a hazard control system;



[0007] Figure 3 representatively illustrates an exenpl ary enbodi nent of a
dual . stage systemconfigured to rel ease a second fire suppressant into an
area surrwordimgem4 housi ng; [0008]F.4.:;tire 4 represemCatuse@ions4440
illustrates a close-up view of the dual stage systemrepresentatively
illustrated in Figure 3; and [0009] Figure 5 representatively illustrates an
exenpl ary enbodi nent of a dual stage systemconfigured to release a second
fire suppressant into a housing. [0010] Elenents and steps in the figures
are illustrated for sinplicity and clarity. and have not necessarily been
render ed @EGbr di ng t Guzany3 parestgubaly Boguence. exFoplexanpldaneg épsdwhat  may
be performed concurrently or in different order are illustrated in the
figures to hel p stage i syprovendigded sfoarediang aofecembdulé nepirsssoft inhe aprasent

i nvention. DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS [0011] The
present inventi earmeaylinge hdesesi bed herein in terms of functional block
conponents and various processing steps. Such functional blocks nay be

real i zed {d30rany nunbé&iguaf 4 hapdwatevaonponent a donfipguisedoft te phnf g t he
specified functions and achieve the various results. For exanple, the
present inventi epstvayepeRpliawckdnidued ROBIgRGSandoanel s, connectors, sensors,
and the |ike, which may carry out a variety of functions. In addition, the
present imoention mayidie pracited e hnillaanidingt d@mplaht AnBRymadmarduaf

hazar dous contai ners or vehicles such as trucks, fixed wng aircraft, and

rotorcraft and tshge sushemmaesed thedads siRRLE Y RpSeaXfMRbamnyuaRpl i cation for
the Il "enti on. Further, the present invention may enpl oy any nuni ber of

conventi gpaly) t echni quesnchRran8URPL BSHk Bgubi HRSH kRl h@rsi;!agx@t@-dmu%my
condi tions, sensing environnental conditions, and the |iKke.
and have not accessarily been readered according to any particular sequence. For
example, steps that may be performed concurrently or in different order are

Hlustrated in the figures 1o help to mmprove understanding of embodiments of the

present invention.

DETATLED DESCRIPTION OF EXEMPLARY EMBODIMENTS
{001 1] The present invention may be described herein i terms of fugctional block
components and various processing steps. Such functional blocks may be realized
by any number of hardware components configured to perform the specified
functions and achieve the various results, For example, the present invention may
employ various housings, pansls, connectors, sensors, and the like, which may
carry ouf a variety of functions. In addition, the present invention may be
practiced v conjunction with any mumber of hazardous containers or vehicles
such ay trucks. fixed wing aircraft, and rotorcraft, and the systemy described is

merely one exemplary application for the mvention.  Further, the present



100121Met hods and apparatus for dual stage hazard suppression system
according to various aspects of the present invention may operate in

conj unct iwWO 20ittdse Ay . suit abl e nobi | e andf or stati onary PappiSe@atosano
Various representative inplenentations of the present invention may be
applied to any system for suppressing fires. Certain representative

i npl emrentations may include, for exanple, an aircraft fuel tank a fuel
line, or a storage tank. [0013]Referring to Figure 1, in one enbodi nent,
met hods and apparatus for a dual -stage hazard . suppression system 100 may
conpri se a firstmgager thag gnphyl ansysmasr 20 20mgnfidngureethiqess donswmpresand i r st
hazard control material 104. The first hazard control system 102 may at

| east parti al | y foover pthendzosleys anditons, bendine etrvedninprredicatiebys. adi akent to a
hazard source 106. The first hazard control system 102 nay be |linked to a
second hazard cdhtrol system 108 containing a second hazard control.
material through a distribution system 110. [0014] The hazard source 106
cont ai ns {@hithzar dous Mathoge tuentppakiuy fhanardge bazet @ppradsicaugherasodottihg

chemi cals, acids, and the like. The hazard source 106 may conprise any
sui t abl e devi ce if efiri@@nk@kRIAghd hesdhanatdouIndayserdtaln Suphcasd ittt ank, a
distribution line, a container, or a delivery system such as a punp. The
hazard source 1QGidbay abbi®: bgddirs paseshl . Rp@RYL@NVI I DaRERL repoRakiian, or
| arger system and need not be a limted to a fixed position. For exanple,
in one, enbodi MRplenk:MEHARZAT Ghe SALNEEE inl ORiRONRY IbSeppRed Uehnd aRkerhasated in
a noving vehicle such as a truck, in another enbodi nent, the hazard
source 106 may GoAREkse Acluebehdingcgiepraed ibstueatidlentyahei@nkyof an

aircraft and the aircraft engine. The hazard source 106 may conprise any
sui tabl e materi akaSMehnascRb@Sd Gk a fuel line, or a storage tank.

{0013] Referring to Figure 1, in one embodiment, methods and apparatus for a
dual-stage hazard suppression system 100 may comprise a first hazard control
svstem 102 configured to contain a first hazard control material 104, The fust
hazard control svstem 102 may at least partially cover, enclose, andfor be located
inmediately adjacent to & hazard source 106. The first hazard control systenm 102
may be linked to a second hazard control svstem 108 containing a second hazard
control material through a distribution svstem 110,

j0014] The bazard source 106 containy a hazardous or potentially hazardous
material such as fuel, chemicals, acids, and the like, The hazard source 106 may
comprise any suitable device for containing the hazardous material such as a tank,
a distrbution line, & container, or a delivery system such as a pump. The hazard
source 106 may also be disposed in any enviromment, location, or larger system
and need not be a limited to a Gxed position. For example, in one embodiment, the

hazard source 106 comprises a fuel tank located in a moving vehicle such as a



netal, elastoner, polyner, or suitable conposite material, and may or may
not be reinforced with additional materials such as arnor plating. The
hazard sowmoce111367oaay al so be configured in any suitabl @CThsp@o/0sisae, or
vol une depending on a particul ar application. For exanple, the hazard
source 106 may conprise a fuel line routed through and around vari ous
structures. |In another enbodi nent, the hazard source 106 may conprise a
fuel tank suitably configured to fit within a particular non-uniformy
shaped volune. In yet another enbodinment, the hazard source 106 may
conpri se a seal edckolbumeotioh eabbdinget thet lngot srecs dghmas campete aiwlingThe
first hazard control system 102 nay be di sposed adjacent to the hazard
source 106 ari d deposdapiwed: the fuce tuk ef trhercraiimeditiatcercodingems. associ ated with
{0015] The hazard source 106 may compnse any suitable material sach as plastie,
metal, elastomer, polymer, or suitable composite material, gnd may or may not be
reinforced with additional materials such as armor plating. The hazard source 106
may also be configured in any suitable shape, size, or volume depending on a
particular application.  For example, the hazard souwrce 106 may comprise a fuel
Hine routed through and around vanious structures.  In another embodiment, the
hazard source 106 may comprise a fuel tank suitably configured to fit within a
particular now-uniformily shaped volume. In yet another embodiment, the hazard
source 106 may comprise a sealed volume of a larger structure such as g wet wing.
{0016] The first hazard control system 102 may be disposed adjacent to the hazard
source 106 and be adapted to reduce the mmmediate dangers associated with
release of the hazard material resulting from a transient event such as an energetic
ballistic breach of a fuel tank. The first hazard control systery 102 may comprise
any suitable system for suppressing a hazardous event occusring substantially
simultangously with the release of a hazardous material such as a fue or explosion
resulting from a high energy breach of a fuel tank. For example, referring to
Figure 2, my one embodiment, the first hazard control system 12 may conprise g
substantiaily hollow multi-walled housing, such as a powder panel 202, suitably
configured to cover at least a portion of a surface of the hazard source 106 and

configured to contan a first fire suppressant 204, The powder panel 202 may be

suitably adapted to release the first fire suppressant 204 in response 10 a breach of



rel ease of the hazard material resulting froma transient event such as an
energetic ballistic breach of a fuel tank. The first hazard control system
102 may cwopnilgsemay suitabl e system for suppressing a rarasdandsevent
occurring substantially sinultaneously with the e rel ease of a hazardous
material such as a fire or explosion resulting froma high energy breach of
a fuel tank. For exanple, referring to Figure 2, in one enbodi nent, the
first hazard control system 102 nay conprise a substantially hol | ow
mul ti-wal |l ed housing, such as a powder panel 202, suitably configured to
cover at |east ahpbrpidrofe Hisurf deeposfdet herchagahy s owjablelBcwnd a
configured to contain a first fire suppressant 204. The powder panel 202
may be suit ably tagapteghit 1k el ease the first fire suppressant 204 in
response to a breach of

f0017] Referring now 1o Figures 3-5, in a second representative embodiment, the

first hazard control system 102 may comprise a housing 302 configured to contain
the first fire suppressant 204, as shown in Figure 2, and be suitably configured to
substantially conform to and wrap around a multi-dimensional surface such as a
fuel line 306 or a fuel pump (not shown). The housing 302 may be further
configured to release at least a portion of the first fire suppressant 204 in response
to a breach of the housing 302 such as might occur from a bullet, shrapuel, or
other projectife capable of breaching the fuel line 300 and causing a fire or
explosion, in & similar faghion to that shown in Figure 2. The housing 302 may be
configured to release the first fire suppressant in such a manner as to fill an areg or
volume significantly larger the size of the breach, such as a fuel bay or other
similar compartment 304.  Alternatively, the housing 302 may be suitably
configured to release first fire suppressant 204 into an area or volume substantially
focal to the location of the breach.

fGG18] The first hazard control svstem 12 may also comprise any suitable
material adapted to break, shatter, or otherwise compromise the structural integrity
of the first hazard control systemy 102 either {ocally or as a whole iy response to a
breach. For example, in one embodiment the first hazard control system 102
material may comprise a ngid plastic suitably configured to rupture in an area
surrounding the breach while leaving the rest of the first hazard control svstem

142 substantiaily intact. In a second embodiment, first hazard control svatem 102



t he hazard source 106 and the powder panel 202 by a projectile toll owmg
trajectory path 210. [00171Referring now to Figures 3-5, in a second

repr esentwoizog/setwedi nent, the first hazard control sysPemUBRo0MBIA4€CONPri Se
a housing 302 configured to contain the first fire suppressant 204, as
shown in Fig= 2, and be suitably configured to substantially conformto and
wrap around a multi-di nmensional surface such as a fuel line 306 or a fuel
punp (not shown). The 1liousini4 302 nay be further configured to rel ease at
| east a portion of the first fire suppressant 204 in response to a breach
of the 1iousini 4802rguth adownghtiefpdiou rn fingm wlbu, | whereis Hhagweding oy ot her
projectile capable of breaching the fuel line 306 and causing a fire or

expl osi on, in acsipidedroff mshipbnpanolst brah shipwet 4 difkirg rert@ial The shiebdi ng 302
may be configured to release the first fire suppressant in such a manner as
to fill an area adapiblourparsigufivgant yuchas gere drliess setddrokagehbarbtheatl; such
as a fnel bay or other simlar conpartnent 304. Alternatively, the housing
302 may be suit ghhkyts. clanfihgdeebhdiosrahe sehfmristonfrolrsgstauppt esgambpi@4 i nto
an area or volune substantially local to the |ocation of the breach.
[00181The first ihagakd: ot o acsyBtremrkOdiwely «&sueanp coagc@y)sheur abl e

mat eri al adapted to break, shatter, or otherw se conprom se the structura
integrity of theehbigto hazald: sentappliedsysheprifZorhd hefidealdy or as a
whol e in response to a breach. For exanple, in one othbodinment the first

hazard cqogmel syst enhd 02 RRbRT dddkroNBY¥EONRNhSefdthéd 18 Gnpbasd toCeatbind abl y
configured to rupture in an area surroundi ng the breach ile |l eaving the

rest of the first. hazaid ConbPnaayst oM JORr substantdial ho wenfuRelndiddh a
second enbodi ment, first hazard control system 102 may conprise a housing

defining an Inn%;vmn&émng@mh@waQ@mb@%ﬁa nﬂltn%ti@@l’{frﬁxl ed h%r&%ntn’nP' e
panel s, each made of ferent material and suitably adapted

particul ar purpasg.s l!@'“m%? hgia&ﬁwqmlrsa% L@ Bln Ja&@e@mg%t ny&n@e 9# ﬂ#r
panels, In a thitd enbodi hrent, the first hazard control éten11

conprise, in whqhe.0lqi RuRALd fRREEY binfird Tl BEb Al B ¥ e, gnr,ﬁgur ed to
conpletely shatter in resp onsé’ a‘fransient e ent applle to any portlon
of the acrylic r@l{b%ﬁzh%ht’, the first hazard control system 102 may be configured to store the

first hazard control material 104 above a pressure of about thirteen to seventeen

pst but less than about 50 psic In another embodiment, first hazard control system

102 may be suitably adapted to be sealed ar a substantially ground level

atmospheric pressure but used in a lower pressure environment such as an

unpressurized compartment of an aircraft operating above an altitude of about

15,000 feet.

100201 The second hazard control svstem 108 utilizes a second hazard control

material to reduce the potential for a hazardous condition to develop after the first

hazard control material 104 has been released. The second hazard controd system

108 may comprise any suitable system for a controlled release hazard control

agent. For example, the second hazard control system 108 nay be responsive to a



The first hazard control system 102 may further be configured to contain
the first hazard control material 104 under pressure relative to the
surroundiwg 2ervissanent and/ or the hazard source 106. APCErusaniowsddy) t he
first hazard control system 102 nay be configured to withstand an increase
in internal pressure of up to several hundred pounds per square inch (psi).
For exanple, in one enbodinent, the first hazard control system 102 may be
configured to store the first hazard control nmaterial 104 above a pressure
of about thirteen to seventeen psi but |ess than about 50 pS|. I n anot her
enbodi ment, fir shahgdastdug ohthe distdysremiobsivey BE @dite ablapiadiapeed t o be
sealed at a substantially ground | evel atnospheric press we but used in a

| ower pressure evisdrnennddoashd asimhmanpaiessur pazed of omp ar kxente ofthan
aircraft operating above an altitude of about 15,000 feet. The
second hazard cehtmk isystiem AGSnavelyi descanddeeond chazdrsgdstoontOR chayniet eri a
to reduce the potential for a hazardous condition to develop after the
first hazard contigedd matednkakhel@dotiabazbedervrrel eased:. inThepeecand shazar d
control system 108 may conprise any suitable systemfor a controlled

rel ease hazard gomtddd bagestser. For exanpl e, the second hazard control system
108 may be responsive to a change in status of the first hazard control
system 1G@:and be suiRtfbiy adaptedet 0, heheastodihens geandahdzardcmant r ol
material over a period of time in response to the change in status.

Al ternatively, thansqoongyhazare £ontiol SYShemnlShieyoke hadaptadol 0
rel ease the second hazard control material in response to a signal provided

by a sensor. [O0Qzl:RBef ekddon@idPN d QaFbdhecliverl NniRR8: @RIBAINARI contBE Second
hazard control system 108 nmay conprise a container 116 containing the

second hazard cqpidQlioal ezr&xéhbut%ﬂ%ﬁ%tl%n@x’ixpﬁ%ﬁ. MRYhePE 41GARRES thitsl ¥

linked to the first hazard control System 102 by a distribution system 110
conprising a tuhg;114 and/or a sensor 112. [0022] The container 116 contains
t he second hazard control material and may conprise any suitable systemfor

hol di ng thie haﬁecond h%ﬁe t%f(?f}tf % m%ﬁn@rrhahﬁx‘a{??azﬂﬁi &thPﬁﬁHmZ@Iq ygssel, a

bl adder, and t he contaln may be

conf|gured to C%Qﬁgt ;ﬁXQE§§mP£\%8kHﬁFﬂ9;o :@uﬂP%ﬁ%h?mﬂﬁ% ~Q&ﬁ%n&§°|na

mat eri al such as , gas;’ of so e con alner

al so conpri se aQX'lpfuuha%aeu@Ptl q\g%du dhjpr %d tgg pﬁ‘pph %tlgmqu:x %H.) pn & mat al

pl astic, or conposi

contai ner 116 nm ressurized pneunatic bot ]The
contai ner 116 nﬁywﬁinP %%F gtgggﬁthemF$fgﬂﬁﬁg dﬁdﬂ §‘F$§T§¥?gkgﬁgf 2 or
positioned sone

nc omthe first hazard control stem 102. For
Exanpl o ref or T S’I‘—"l%g‘ff'r%)(%u]dt s BF s PTSE pHE TR JOF T X5 may be
| ocated in the sane. bg¥ @ a st&yctyre buﬁ‘é E gted fnonlthe housi ng
302 by predet er fPRBES ‘ét*&ﬁ e f"&“r”éld L& Y8 PPRSFP! Bt npitengous

damage to both X . ) ‘ . .
composite material. For exanmple, referring to Figurs 3, the comtainer 110 may

comprise a pressurized puneumatic bottle 316,

0023] The container 116 may be located near the first hazard control system 102
or positioned some distance away from the first hazard control system 102, For
example, referring fo Figure 3, the pressurized pneumatic bottle 316 may be

located 1 the same bay area of a structure but separated from the housing 302 by

predetermined distance to reduce the likelihood of simultanecus damage to both



WO 2011/ 056704PCT/ US2010/ 054440 t he housi ng 302 and the pressuri zed
pneumatic bottle 316.1n anot her enbodi nent, the container 116 may be

separ at edwbnromashm®4f i r st hazard control system 102 by aPbulush@ads44be
contained in a separate bay, or be positioned within a danmage tol erant

encl osure. [0024] The container 116 nmay al so be suitably configured to
contain the second hazard control material under pressure. For exanple, in
one enbodi nent, the container 116 nay hold the second hazard control
material at a pressure of up to about 360 pounds per square inch gpsi). In
a second enbodi enthoutime ¥@ntal ey praewivay reeoonsf itglilked 1.0 housetithe
second hazard control material at a pressure of up to about 800-850 psi. In
a third enbodi mentbediret, ¢clonta@itaver 114 6nayale bpawedfirgu teditso himtddedairel second
hazard control nmaterial at a pressure substantially equal to the pressure
of the first hazandnddhby obuklsticm dORinefl 0025 pThe lepntrdic pesitdikd wigyn al so
conprise a valve connecting the distribution system 110 to second hazard
control materi ala dshviafn oletdrecetntn@al ner 116. The val ve may al so control the
rel ease of, or rate of release of, the second hazard control material. The
val ve mayo®enpri se afmjie sediad! 186 Syst@n feoguitiei Rbetigaigigo tthenipres sioid ed

vol unme of hazard control material and for rel easing that vol une upon
demand. For examak@d chites vadiMRi WBYer GRAPIES 6ol o8adtle, batohe amtbigeseapnd
hazard control material and the tube 114 of the distribution system 110.

The valve may beoh@SPONSI Me FQd theSkaalhalh @R Ae nBRASION o Ltds@hdr Bgrsui tably
adapted to break, open, or otherw se rempve the seal in response to a

signal fromthe 5805080 pbdis p@qctﬁxdﬁhﬁﬂ}gﬁa hag sReel RHeKRRt Be BRkinke vol une
of the second hazard control erial may be released to the distribution

system 110. 116 o a@ xﬁ%ﬁh@rn @@b@qsﬁ%@gmﬁaﬂ m&@ﬂ MR erIBMaDS Uk haklYe
configured to contro the Tate of rel ease of the second hazard control

material . For exg t@ db&nwa@krf%«ﬁam £ OnRrd n%@\d@ng%@l L&Mw a@tmxai;
openi ng such as a or gate valve that is conf |gure to rel ease a

predet erm ned n'g:§§hs nRWorl@vﬁ(PthQ ;J%ﬂ& %lgmf P&tt]{)Pln&{mIi &, a%re&bﬂ-]b%uﬁb@itnﬁalg

rel ease nay be depehdent ven a ication or 1ocation and

related to the p’tzﬁ"ﬁ%#trh Wsium&rﬂ fkp‘g,gfa LGt k%?“ﬁ{ﬁ’at' ve to the anbi ent

pressure in the f RZad system e surroundliw,

envionmegl; The Val v, T, Al Rty

system 110 to second hazard control material within the container 116, The valve
may also control the refease of, or rate of release of, the second hazard controf
material.  The valve mayv comprise any suitable system for maintaining the
pressurized volume of hazard control material and for releasing that volume upon
demand. For example, the valve may comprise a seal between the second hazard
controf material and the tube 114 of the distribution systen: 110, The valve may
be responsive to a signal from the sensor 112 and be suitably adapted to break,
open, or otherwise remove the seal i response to a signal from the sensor 112,
Ones the seal has been broken the entire volume of the second hazard control

material may be released to the distribution systemn 110



material over a specific period of time. For exanple, the valve may be
sized such that a total release of the second hazard control materi al
occurs owepa11psrioad of about sixty seconds. AlternativeCy/ustoe/ovahve may
be suitably adapted to rel ease the second hazard control material over a
relatively short period of tinme such as 0.1 seconds. The valve may al so be
configured to sustain a constant |evel of the second hazard control in a

gi ven vol une based on signals fromthe sensor 112. [0028] The distribution
system 110 delivers the second hazard control material after the second
hazard cdbit26bl syst e 108whagbbdewnadie wwiteethy Fheuitbistaonbarkd sysrem 110
may conprise any suitable systemfor delivering a hazard control materi al
such as a pneundhd wict eflyeleasa opilpeccamddantd contpenfaralt dobr kosaple,ghe slgpr ayer .
The distribution system 110 nay al so be configured to activate the second
hazard control systemptie8aktieaespansetdlopaupg edétwruiaiied genventvesiels as a
breach of the first hazard control system 102 or upon the sensirg of a
fire. [0029] The cdifgurdcbiatrilome syst@mrbid mays donpat € hassensean! diZriddapt ed
to detect a predeterm ned event and subsequently activate the second hazad
control system TH8standf0sse PLOYE dpeadenact i ¥ath aFplisignalr d@ubhadsegond
hazard control system 108. The sensor 112 nmay conprise any suitable system
for detection and 8h@fal thidGreSehwBisn AR dofthindl Bd diet@ah @ife, angbicrs PREKwe Sensor,
a. thernocouple, a pressure gauge, or a tenperature sensitive el enent.

The di stributi on, g¥giramhAiOcomen fuehke heleneaidgutemmhi h a hazard.
control material delivery device such as a tube 114. The tube 114 nay be

confnat r ggyt;p provi dgh@vale@Rei disoPsd BordiRlreli N6 rS8GONK: hAZA! HiARNEHAb!
mat eri al fron1the second. 'hazard contr ol system 108 to the |ocation where

the second hazaﬁ%t&ﬂ'ﬂ&r&%q?’%ﬁﬁrﬁ@ibd bPibe qm; re&hpiEQhe SXaMMER: figdigéi NQ to
Figure 5, in one enbodi nen 4 may provide a conduit path from

the pressurized pReypai k@;&%otfttlu bg%_éﬁi mdm%n mﬁgmvgluym Qler bhRrbipysi ng 302
such that the second hazard control material Is delivered at the |ocation

of the breached 1%\%5\}]‘&9\&9&5 %’lﬁﬁnag vapshained petl kel %qr g\’éd fr&’rJlé&X‘é ngtghe

initial release o e first hazar control material.

Figure 4, in a Q&@Qxc@ﬁ%&% t[i]:{] e Q’f:xl %)ngﬁ ke )(h&Pls%r%ﬂ ntt(?m?&u@i{ ?er al

surrounding the ou5|ng he secon Razar

is delivered to th\éﬁé&?ﬁﬁ%{fiﬁgnlgglﬁ \é%r% {3 fl’“fufia[’éh ablti g%?lﬁ aﬁ}ay g qu*‘xt he

| ocati on of the bre onpri se any
suitable materia §U|tably

dapt ed to wi t harshl Tug w%?a‘a‘w%? bl ey BT T S o
LD t Th t t al
that | dhBef T ca Fy‘iﬁaﬁ‘w 4ot &k *ﬁffﬂ%}%ﬁ? S8 e F@ﬁ%&?&% 5. “The

tube 114 may al s b ressuri z ured. to t essures
(ube 114 Ty al o0, D5 RLESIULLERY, o1, e cof gured, Lo, 13t 3nd.prs

systemm 110 may comprisg any suitable system for delivering a bhazard control
material such as a pneumatic tube, a pipe, a duct, a perforated hose, or a spraver.
The distribution system 110 may alse be contigured to activate the second hazard
control systemn 108 in response to a predetermined event such as a breach of the
first hazard controf system 102 or apon the sensing of a fire.

{029 The distribution system 110 may comprise a sensor 112 adapted to detect a

predetermined event and subsequently activate the second hazard control system

10



conprise a plastic pressurized tube, wherein the plastic is adapted to
rupture or otherw se break in response to an applied heat |oad such as a
fire. [008O20ts6Tobe 114 may al so be configured to act @&sTiuseoivensar 112.
For exanple, in one enbodi nent, rupturing of the pressurized tube 114 may
trigger the valve to rel ease the second hazard control materi al
Alternatively, the tube 114 may be connected directly to the second hazard
control material and held at a pressure equivalent to that of the second
hazard control material in such a manner that a rupturing of the tube 114
causes the rel ed§8 anf/on previde svndivhtrarighat onthe etcondheniddestrpPOOIBITHE. t ube
114 may al so be responsive to a loss in pressure to the first hazard
control system 102 sensfiok! 2exgnpherisa af enitdblrgyagaifor depemingud eigBaling such
pressuri zed tube 114 may be coupled to the inner volune of the housing 302
such that the pressuniartdditdeot hehtdibensgtda itemeguapiet © ptekate pfugt.he 4 nner
vol ume of the housing 302. Therefore, if the housing 302 were breached
resulting in a lasgrafrepasgsucenieo. t he housi ng 302, the tube 114 woul d
sense the | oss of pressure and either trigger the valve or otherw se affect
t he rel eg8®opf the seaoncuitaziat dygontinol maphethealbe cohOQ34 with i @fzaanot her
enbodi nent, a seal ed and pressurized tube 114 could be routed over one or
nore surfaces ofcohifvg hbtsdl Razar diecatsh@ aSUSLBMI 102 T Gbechia @NRer as to
cause the tube 114 to be breached substantially sinultaneously wth the

first hazard conbi@lur&ysieMidO2eonlitie phheache dchibRazddcoRBY: hdteikl @xperi ence
a loss in pressure causing an activation signal to the valve and/or second

hazard control syst@mdA8adBneOlLiRRETEARCGHE URLRA0LAS4440 - BQ8R-khe

dual - stage hazard suppression system 100 may conpri se one or nore hazard

control materialg,SyChaRfal i & gwapreﬁéapmmmeﬁmww}gmﬁgeﬂtﬁ o
gasses. For exanple, one hazard control material nay conprise a fire

suppressant sui taflyinfarhedikoriat hy é}ﬂ?; a?& ‘?V%Qﬁﬁr SME @S t@x%w@&ﬁ or

ot her rapid conbustion and a second z control materi al y conprise a

fire suppr essam\n@%&t@% Mkaﬁ@% {%d nr:}ol SHRRE G & I}?g& ?ﬂt %Of" L&?m%f he E&lgﬁ'd | ess

rapidly devel opi'ng one enbodi ment Ir'st “hazard contr ol

t | 104 : g
materia m(f)l MB&Q‘W&FI%? n@;{;&,ﬁmmdln dr¥d %@ﬁﬂn‘é%‘mﬁ%&ﬂg[ ‘Bﬁ%@ﬂ& hﬁh‘%ﬁ‘% 3 22,[

BC, or Udry er extinguis Th ano hazard

control mteri al, 404 oy Lgi 48‘8* 98 SRR SRR RL 8 oY BRPr gonpr i si ng

addi ti onal chenlc | 'S “Or I ons of

lﬁ;;g;,t’lln}[ eSOdI UMeq T?(;[iaf}%*i e ltln?ﬁrﬂl Igo% tﬂgﬁig%ﬂ } i aas&eogl Cm%()dlm §>1(t| 91:. tixbgand

114 may routed to an arca surrounding the housing 302 such that the second
hazard control material is delivered to the surrounding enviromment rather than
solely to the location of the breached housing 342

{0031 The tube 114 may conprise any suitable material such as metal, plastic, or
polymer and may be suoitably adapted to withstand elevated temperatures
assoctated with fires or exposure o caustic chemicals. The tube 114 may also
comprise a material that iy specifically adapted to not withstand elevated
temperatures. The tube 114 may also be pressarized or be configured to withstand

pressures of up to 800 pai. For example, in one embodiment, the tube 114 may

11



[ 0036] The hazard control material may al so be adapted to have nore than a
single nmethod of controlling the hazard. For exanple, the hazard control

mat eri al wayotiasprisse nultiple el ements or conpounds, wrerAisaoieassr4conpound
has a different property such as being reactive or unreactive to beat,
acting to deprive a fire of oxygen, absorbing heat fromthe fire, and/or
transferring heat fromthe fire to another conpound, [0037]In another

enbodi ment, the first and second hazard control materials nay conprise the
same materials, different materials, and/or diM in only respect to the
concentration ofcomant. a Flasticf prestrized dulse ododirhdiz afdic oridekd fatwehirabs may

al so be kept under pressure or dispersed within a given volune. For

exanpl e, ref errioigrviee Riegumees@onse loearf dpp8td Isuppnesshnt 2 884 may be
substantially equally di spersed throughout the housing 2.02 while the
second . fi{ile] suppr es§antiulies! Waimat alseelk vnderrepriessure i tdwker the Poeumatic
bottl e 316. Referring .nowto Figure .1, in. operation, a first
hazard control syshgm ikQdecadbéhvhngupauwiiigratthdhazssndzconds 014 ma efdeat 104
may be | ocated adjacent to a hazard source 106. The first hazard .control
system 102 may hi: comectixuel fie kinkedatal sorset endribbzakgmanoll éle wst em 108
through a distribution system.110. The first hazard control system 102 may
be suitably adapti@eha:t ®estnRbyd thadlid gk BRz8 kOO mirBiLahd@held @da | N
.response to a transient event such as a 'breach of the first hazard

control system lo2s@pdyfiaflert behhagacheSdNard Bhtrol materifiQh s@%alder
referring to Figure 2, a powder panel 202 .and. the hazard source 106 nay

be breached by apfii.dhp@RSL oy rRatld Bldl GuRk WektdhiCoMY kAgn@LoRGT &nkbAaj ectory
2.10... In response to the breach, the powder panel 202 rel eases a first
fire suppressant,gQ4;to suppress a fire or explosion that mght .result due
to the rel ease of a hazardous material fromthe hazard source 106. The

powder pmlz‘}! 202 may e 1@RNf i0MIL il B GRYRRIA o Oflask N8 phdsbB! of Welrirst
suppressant to be rel eased substantially . sinmultaueously wth the

occurrence of the. t4ansi ek V@Rt £or RELER loRGiR0RLA 1§ 0ihlOUL Sretarh @ | OW Ng
t he breach, the ﬁ%%?rlﬁﬁtVéﬁ SySteﬁgﬁikﬁﬁhv séﬁéé‘fﬁ% %§$éa§§“a¥“%he first

hazard contr ol %;eeflkith%l%:g&@gd'tgq}ta;j ggg&e@hg{g? 3PAE r}g},‘%g% gi,sﬁ%lﬁmﬁz&%e system

108. A sensor use de e rel ease of
e eve

the first hazard control. naterial, 104 r .a.later. el opi.ng hazard
condi tion such ég&3”§ﬁ%ﬁﬁgﬁb§%hal#fT%Pm. Sﬁéfgﬁ%Tg&f%?éb%%%@@?qgﬂg%Q may
I e A B eSS RS LL G 5h e R R MKRLA @b DARE XU HIRAL o e

i3
(0]

the housing 302, the tube 114 would sense the {oss of pressure and either trigger
the valve or otherwise affect the release of the second hazard control material,
10034 In vet another embodiment, a sealed and pressurized tube 114 could be
routed over one or more surfaces of the first hazard control system 102 i such a
manner as to cause the tube 114 to be breached substantially simultaneousty with
the fivst hazard control systent 102, The breached tube 114 may then experience a
foss In pressare causing an activation signal to the valve andfor second hazard

comtrol system 108,

12



breach and/ or subsequent release of the first hazard control material 104
may result in a loss of pressure to the inner volunme. The sensor 112 nmay
detect thwe20hasgm4i n pressure and trigger the second harams$2@onsssad system
108 to rel ease the second hazard control material through a tube 114,

[0041] Alternatively, the sensor 112 may conprise a seal ed heat sensitive
pressure tube 114 connected to a valve on the second hazard control system
108 that is adapted to rupture when subjected to a tenperature above a
specific level. For exanple, if the tube 114 was subjected to the heat
associ at 0 t h a fi fby dydhetapubeadiisgppragpionupsiem d V¢ augicngpuse] s 9T Brpr essur e
to the valve thereby triggering the rel ease of the second hazard control

mat eri al . [ 0042]bRefr&rentg mowak cudi gulire s@pprishans eoontzihazgme, coptsssl system
108 nmay conprise a pressurized pneunatic. bottle 316 that is suitably
configured to hdlodetdvels evondak azard noontl oly aatpert afiruadeesspressdibe.  For
exanpl e, the second hazard control system 108 nay conprise a | ow pressure
del i very syst emaggndéd fiur@dkifno chokdaiches sgdenths hazdrd rpahtondiustivat exdial at a
pressure of |ess than about 360 psi. Alternatively, second hazard. control
system 108 may ceqmpd ihsrdcehitghmpreasisuiecagldsy arife Syptamns sllitblpladamant i gur ed
to hold the second hazard control material at a pressure of up to about 850
psi. [0043] Wien b bgpsesRRe: Rz af theqbk rQhdlg vstapick0ed. sinagt bvmbs@dedthe val ve
may control the rate of release of the second hazard control material. The
di stribution systemdiapzal SeneaNhi@kaWIRS 8af REMmBRGONAohRmar gy Cobinal
material is delivered. For exanple, referring to Figure 5 a loss in
pressure of the hQusing 302 (et rk0ger it BE Yalae Rfindi8adi@WIRrSE8UF e
delivery systemto open and rel ease the second hazard control material into

the inner vol umg,ghgtRke:, BRUSLNE:ARP-AVS! nRcBS | RArQ) ARAW: SinphiksgBEONdS.
Referring nowto Figure 4, in a high pressure delivery system the valve

may be configur &g ;0 GANSE ANGisiR RARBNATcHENR AR .S QB AARR LA KCAN Bl
mat eri al through the tube 114 over a peri od of less {han one second such

that an entire %Q:J:ﬁﬁm%r S&aﬁzgjﬁﬁgﬁ:ixsng)f t f?tﬁiqu u&idﬂgn,?’ggmgﬁ%z,b @hifnii(lkj, e@a%&h the

second hazard control ma

acetviene, oxides, and magnetite.

{0036] The hazard control material may also be adapted to have more than 3
single method of controfling the hazard. For example, the hazard control material
may comprise multiple elements or compounds, wherein each compound has a
different property such as being reactive or unreactive to heat, acting to deprive a
fire of oxygen, absorbing heat from the fre, and/or transferring heat from the fire
to another compound,

16037 In another embodiment, the first and second hazard control materials may
comprise the same materials, different materials, andfor differ in only respect to
the concentration of each. The first and second hazard control materials may also
be kept under pressure or dispersed within a given volume. For example,

~

referring to Flgure 2, the first soppressangt 204 may be substantially equalty
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[0044] I n the foregoing specification, the invention has been described with
reference to specific exenplary enbodi nents. Various nodifications and
changes ™9 2bat/0femde, however, without departing from t heCsasp@oosssuhe
present invention as set forth in the clains. The specification and figures
are illustrative, rather than restrictive, and nodifications are intended
to be included within the scope of the present invention, Accordingly, the
scope of the invention should be determ ned by the clainms and their |egal
equi val ents rather than by nerely the exanpl es described. [0045] For
exanpl e, the stapperatithreehiont dry honstigodorvige obesscak alives suppesipet éxecut ed
in any order and are not |limted to the specific order presented in the
clai ns. Additi onadihtyiped dmelecpnporeniths: Gindiamast bpnis.recited in any
apparatus clains my be assenbl ed or otherw se operationally configured in
a vari et JOwR] per nut aRe@nsgand @riegac ¢ omdipaghiys. potrstl Hamirt echitod stsheer $fpeci fi c
configuration recited in the clainms, [0046] Benefits, other advantages and
sol utions to prabhemnghafre: heed coest nicheid BElawe W Ibintrdegicehtt@a paaatd cul ar
enbodi nents; however, any benefit, advantage, solution to problem O any
el enent that nmayomads@:. any paribovlasndenedh 192 adyantagecidelvdokedt toan to
occur or to becone nore pronounced are not to be construed as critical,
required or essesfdndlhafLALUIAS sQferE 00PERENES: GknidlYorOfys@h 1 oherk004y 1As
used herein, the terns "conprise", "conprises", "conprisim",

hazard control system 102 may be suitably adapted to supply the first hazard

control material 104 in response to a transient event such as a hreach of the first
hazard control system 102 and for the hazard source 106.

{0039] For example, referring to Figure 2, a powder panel 202 and the hazard
source 106 mayv be breached by a high energy ballistic projectile moving along a
trajectory 210. o response to the breach. the powder panel 202 releases a fivst fire
suppressant 204 o suppress a fire or explosion that might result due to the release
of a hazardous material from the hazard source 106. The powder panel 202 may
be configured to cause all of the first fire suppressant 1o be released substantially
simuitancousiy with the occurrence of the transient event.  Referring agam to
Figure 1, following the breach, the distribution system 110 may sense the release
of the first hazard control material 104 and activate the second hazard coutrol
system 108,

{0040 A sensor 112 may be used to detect the breach, the release of the first
hazard control material 104, and/or a later developing hazard condition such as a
slow growth fire. For example, the sensor 112 may comprise a pressure sensitive

element linked to an inger volume of the first hazard control system 102, The
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"having", -including”, "includes" or any variation thereof, are intended to
ref erence a non-exclusive inclusion, such that a. process, nethod, article,
CO. nposi tworzoawosepar at us that conprises a |ist of el emeorTAISdOesS4304
include only those elenents recited, but may al so i nclude other elenents
not expressly listed or inherent to such process, nethod, article,
conposition or apparatus. O her conbinations andi or nodifications of the
above-descri bed structures, arranQ enents, applications, proportions,

el enents, materials or conponents used the practice of the present

i nvention, in addiahendvosttivopentnoteagpelciht ifoal Hayard aphrddnatonl 196 wari ed or
ot herwi se particularly adapted to specific environnents, manufacturing
speci ficati ons, redeSiign lpardreters toohe atteeroloper dhi rgsereldi mendmndes th t hout
departing fromthe general principles of the sane. CLAIMS 1, A dual-stage
fire suppressantchsystiepressore qpd oiget ibaggcoadhizastconmadtsaritmiéd usrclame thd ow
gromh -fires resulting froma breach of a potential fire source,
conprising: a fiseshdhisel supphegsanthraydtieme denprising; a first fire
suppressant; and a housing, conprising: a first wall; and a second wall
connect edodd0] t he fir sfitemalidehandle defidani NG anyi amgirisy ol Wemsd aded sensitive

pressure tube 114 connected to a valve on the second hazard control system 108
that 18 adapted to ruptore when subjected to & temperature gbove a specific fevel.

For example, if the tube 114 was subjected to the heat assoctated with a fire, the

-,

tube 114 may ruptare causing & loss in pressure to the valve thereby triggering the

Y
i

release of the second hazard control material

{0042} Referring now 1o Figure 3, the second hazard control systems 108 may
comprise a pressurized pneumatic bottle 316 that is saitably configured to hold the
second hazard control material under pressure. For example, the second hazard
control system 108 may comprise a low pressure delivery system configured to
hold the second hazard control material at @ pressure of less than about 360 psi.
Alternatively, second hazard control system 108 may comprise a high pressure
delivery system suitably configured to hold the second hazard control matenial ata
pressare of up to about 850 psi.

100431 When the second hazard control system 108 is activated the valve may
control the rate of release of the second hazard control material. The distribution
system may also control where the sccond hazard control material is delivered.
For example, referring to Figure 5, a loss in pressure of the housing 302 may

wigger the valve of the low pressure delivery system to open and release the

15



wherein the housing is configured to; contain the first tire suppressant
within the inner volune under a first pressure; and release the first tire

suppr essaw 20n/ose®ponse to he breach of the potential

f PCE/USou0 08444 Ssecond

fire suppressant systemresponsively linked to the first fire suppressant
system conprising: a second fire suppressant; and a container positioned
away fromthe housing and configured to contain the second fire suppressant
under a second pressure; and a distribution system connected to the

contai ner, wherein the distribution systemis adapted to: provide a signal
to the cont ai nerseiond hegpbneard oukripr edethe imicnadlvay eithe nding gl everire second
fire suppressant fromthe container to the housing in response to the
signal. 2. A duaksist afjebdui kens gppeds skrftrrisy stemealdgor di. my ativglc babywre,
wherein at |east one of the first and second walls of the housing is
configured to subbtantysant yheconfomay bo canfigsudfiacasofthd hizapotieht sabnd ire

sour ce.

{0044]

{0045]

00406}

hazard control material through the tube 114 over a period of less than one second
such that an entive volume surrounding the housing 302 may be filled with the
second hazard control material.

In the foregoing specification, the mvention has been deseribed with
reference to specific exemplary embodiments. Various modifications and changes
may be made, however, without departing from the scope of the present invention
as set forth m the claims, The specification and figures are illustrative, rather than
restrictive, and modifications are intended 1o be mcluded within the scope of the
presemt invention.  Accordingly, the scope of the invention should be determined
by the claims and thewr legal equivalents rather than by merely the examples
described.

For example, the steps recited in any method or process claims may be
executed in any order and are not limited to the specific order presented in the
clatms.  Additionally, the components andfor elements recited in any apparatus
clatms may be assembled or otherwise operationally configured in a variety of
permutations and are accordingly not finited to the specific configuration recited
i the claims,

Benefits, other advantages and solutions to problems have been deseribed
above with regard to particular embodiments; however, any benefit, advantage.

solution to problem or any clement that may cause any particular benefit,
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3. Afire suppressant systemaccording to claim1l, wherein: the
predeterm ned event conprises a loss in pressure of the housing; and the
di stri butworrosyss®m f urt her conprises a pressure sensor PCiraise@owsssshe i nner
vol une of the housing and. configured to provide the signal in response to
the loss in pressure of the housing. 4. A fire suppressant system according
to claiml1l. wherein the distribution systemfurther conprises a heat
sensitive elenment configured to: rupture in response to an applied heat
| oad; and provide the signal in response to a rupture of the heat sensitive
el ement. 5. A fisxheantagppresbdne teypstemralederdbangparo pudnaineed aravhelr @i be  t he
heat sensitive elenent conprises a pressure tube; and

construed as critical, required or exsential features or components of any or all the

claims.

{00471 As used herein, the terms “comprise”, “comprises”, “comprising”,

“having”, “including”, “includes” or any variation thereof, are intended to

reference a non-exclusive inclusion, such that a process, method, article,

composition or apparatus that comprises a list of elements does not include only

those elements recited, but may also include other elements not expressly listed or

mherent to such process, method, article. composition or apparatus.  Other

combinations  andfor  modifications  of the above-described  structures,

arsangements, applications, proportions, elements, materials or components used

i the practice of the present mvention, in addition to those not specifically

recited, may be varied or otherwise particularly adapted to specific environments,

manufacturing specifications, design parameters or other operating requirements

without departing from the general principles of the same.
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the signal is generated in response to a loss in pressure of the pressure
tube. 6. A fire suppressant systemaccording to claiml, wherein the

di st ri butworzoslystm™m ftirther conprises a sensor di spose@#Caarsess/ oa4gur f ace
area of the housing and configured to provide the signal in response to the
breach of the housing. 7. A fire suppressant systemaccording to claiml,
wherein the container further conprises a valve adapted to control a rate
of release of the second fire suppressant. 8. A fire suppressant system
according to claim1l., wherein the second fare suppressant is released into
t he inner vol un€:lgilMBe housing.. A tire suppressant system according to
claiml , wherein the second fire suppressant is released into an area
proxi mate to the housing. 10. A dual-stage hazard control systemfor a
hazard source which nmay be rel eased during a transient event, conprising: a
first hazartl eéchtkoigedgentppreasasegond thazardigapiinohnsagantaus and slow

growth fires resulting frons a breach of a potential fire source, comprising:
a first five suppressant system, comprising:
a first fire suppressant; and
a housing, congrising:
a first wall; and
a second wall connected to the first wall and defining an inner volume;
and
wherein the housing is configured to:
contain the first fire suppressant within the nner voleme undera
first pressure; and
release the first fire suppressant in response to the breach of the
potential fire source;
a second fire suppressant system responsively Hnked to the first five suppressant
system, comprising:
a second fire suppressant; and
a container positioned away from the housing and configured to contain the
second fire suppressant under a second pressure; and
a distribuation system connected to the container, wherein the distribution system s
adapted to:
provide a sigaal to the container n response to a predetermined event; and
route the second fire suppressant from the container o the housing m response

to the signal.

s

A dual-stage fire suppressant system according to claim 1, wherem at feast one of the
first and second walls of the hoasing is configured to sabstantially conformto a

sarface of the potential five source.
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a first hazard control systemresponsive to the transient event and
configured to contain the first hazard control agent, wherein the first
hazard cowmoroiv/esystem i s configured to deliver the firs®PChamsard/osanerol
agent to the hazard source substantially sinultaneously with the occurrence
of the transient event; and a second hazard control systemlinked to the
first hazard control system wherein the second hazard control systemis
configured to: contain the second hazard control agent; and rel ease the
second hazard control agent over a predeternined period of tinme after the
first hazafd édh?ﬁmtmagehﬂ*haeweeém“ dedtivger. edberel. A dual - st age hazard

cont ol syst emAqeal il 08l Sl L0 ISK BLOLING dd fgtiyharar d cont o

system conpri ses ‘a housi ng ace azard source, wherein:
t he housi ng deﬁunhsumnmobumnnnmm@amn@nﬁ:hmes&hcsmwhémﬁwﬁMGMmmwnl agent

under a first pressur e, @q epst -one, ace of housi ng
volume af ¢ ’lfmkll"l“ .m (t{mtt%tﬁxt ) pm\/n & th stf'ttai tr te*&m d\e the
configured to rupture in response ransi ent rel"ease the

first hazard contlpslin agente tﬁtrhdtemsmé,.prom mate to the rupture | oc. sati on.

4, A {ire suppressant system according to claim 1, wherein the distnbution system
farther comprises a heat sensitive element configured to:
rupturs in response 1o an applied heat load; and

provide the signal in response 10 a rupture of the heat sengitive element.

5. A fire suppressant system according to claim 4, whevein:
the heat sensitive element comprises a pressure tube; and

the signal is generated in response to a loss in pressure of the pressure tube.
6. A fire suppressant system according to clauim 1, wherein the distnibution system
further comprises a sensor disposed across a surface area of the housing and

configured to provide the signal in response {o the breach of the housing.

7. A fire suppressant system according to claim 1, wherein the container further

comprises a valve adapted to control a rate of release of the second fire suppressant,

& A fire suppressant system according to claim 1, wherein the second fire suppressant is

refeased into the inner volume of the housing.

9. A fire suppressant system according to clatm 1, wherein the second fire suppressant is

released into an area proximate o the hoasing.
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12. A dual -stage hazard control system according to claim 10, wherein the
second hazard control system conprises container containing the second
hazard comorolil/@gmwat under a second pressure. 13. A dualPCIisg@0iosdar d.
control systemaccording to claim11.0, .further conprising a sensor
proximate to the first hazard control syste.m wherein the sensor is
configured to activate the second hazard control system 14 A dual -stage
hazard ¢ 011 trol system according to claim10. wherein the second hazard
control systemis configured to deliver the second hazard control anent to
the inner vil drbubflagectheziidugitegsysts forn tualdsstagehihzay de cdrsriohrisyst em
according to glt Kn;LO\H ﬁhé% Ji\r]wt he second hazard control systemis
configured to “The con“d hazard control agent to an area proxinate
to the hou5|ngqrnﬂ@ﬂrvd¢mnuﬁnguﬂf controlling a fire resulting froma breach

of a fire source, compri si ng: | east partially covering the fire source
4 econd hazard copftol d"@ﬂl
with a seal ed housing conprisi'mg an i nner volunme, wherein: a first fire

suppr essant |sacmmaamnecdnmnl@smmtrh@omslme@ mmhummefmt et dmugjm;ggo under a
first pressure; and t

EF %sta;:\% ioﬁontfx gflr&ed i first ese@tl{@ r%t fire
suppressant in reSPBHLE tE BBP IR SEE HECHSU Fﬁb’ BB IR HY S sensor
proxinmate to the d@ﬁﬂ@;ﬂgzmah&ﬁaien“tzme,amnﬁml iggnoonfiigurec k@ generate a
signal in response predeterm ned 61'1
&ubxtcmtml ¥ simuitaneously with the ﬂuurrnnu, of the transient event; and
a second hazard control system Hnked to the first hazard control system, wherein the
second hazard control systen is configured to:
contain the second harzard control agent; and
release the second hazard control agent over a predeternuned period of time

after the first hazard control agent has been delivered.

11. A dual-stage bazard control system according to clasm 10, wherein the first bazard
control system comprises a housing disposed adjacent to the hazard source, wherem:
the housimg defines a volume to contain the fivst hazard control agent under a first
pressure; and
at Jeast one surface of the housing is contigured to rupture in response {o the
transtent event and release the first hazard control agent at least proximate to the

rupture location.

12, A dual-stage hazard control system according to ¢laim 10, wherein the second hazard
control system comprises container containing the second hazard controf agent under

a second pressure.
3
13, A dual-stage hazard control system accordmg to claim 10, furthey comprising a sensor

proximate to the first hazard control system, wherein the sensor is configursd to

activate the second hazard control system,
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i nking a container to the sensor and the housing, wherein: a second fire
suppressant is maintained within the container under a second pressure; the
cont ai nerwpotasbiogured to rel ease the second fire suppPeTAB2a10i0M4ESpPONSE
to the signal generated by the sensor. 17. A nethod of controlling a fire
according to claim 16, wherein: the predeterm ned event conprises a |oss of
pressure fromthe seal ed housing; and generating the signal conprises
sensing a | oss of pressure fromthe inner volume of the housing. 18. A
met hod of controlling a fire according to claim 16, wherein: the
pr edet er mi nédAchehttageduprd sedrobansinigead iy reclyint . whiteatthswpgidthayed el enent ;
and generatin han h heat
sensitive el e?f%ntrtl{l?\”f[iém Lmﬁ@ﬂpdtoﬁ%g‘ng r%l ?‘ﬁn Dark |§I}t§t] g%gg){rgdhk e, Yo claim
18, wherein: tvhlemhebthcbemsigti ve el enent conpri ses a pressure tube | i nki ng
the inner volume to the container; and the pressure tube is configured to
rupture in response to an applied heat | oad,

15, A dual-stage hazard control system accovding to claim 10, wherein the second hazard

control system is configured to deliver the second hazard control agent to an arva

proximate to the housing.
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20. A nethod of controlling a fire according to claim 16, wherein the
container is further configured to rel ease the second fire suppressant
a period WO 201186704 PCT/US2010/054440

16, A method of controlling a fire resulting from a breach of a fire source, comprising:
at least partially covering the tire source with a sealed housing comprising an inner
volune, wherein:
a first fire suppressant 1s contaned within the inner volume of the hoasing
undler a fivst pressure; and
the housing is configured to release the first fire suppressant in regponse to a
breach of the howsing;
positioning a sensor proximate to the housing, wherety the sensor is configured to
generate a signal in response to a predetermined event;
linking a container to the sensor and the housiag, wherein:
asecond fire seppressant 1s maintained within the contatner ander a second
pressure;
the container is configured to release the second fire suppressant in response to

the signal generated by the sensor.

17. A method of controlling a fire according to claim 16, wheregin:
the predetermined event comprises a loss of pressure from the sealed housing; and
generating the signal comprises sensing a loss of pressare from the inner vohime of

the housing.

1%, A method of controlling a fire according to claim 16, wherein:
the predetermined event comprises sensing a fire with a heat sensitive element; and

genevating the signal comprises a change in the state of the heat sensitive element.

19, A method of controliing a fire according to claim 18, whergin:
the heat sensitive element comprises a pressure tobe linking the inner volume to the
gontainer; and

the pressure tube is configured to rupture in response to an applied heat load.

20. A method of controlling a fire accosding to claim 16, whesein the container is further

configured to release the second fire suppressant over a period of time.
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